The contribution describes changes of the character of fracture surfaces depending on the morphology of intermetallic phases in secondary aluminium cast alloy. Morphology changes of intermetallic phases in recycled (secondary) aluminium cast alloy were depended on agehardening. For study was used age-hardening. The age hardening consist of solution treatment at temperature 515°C with holding time 4 hours, water quenching at 40°C and artificial aging by different temperature 130°C, 170°C and 210°C with different holding time 2, 4, 8, 16 and 32 hours. Recycled (secondary) aluminium cast alloys containing more of additional elements that form various intermetallic phases in microstructure. It is therefore necessary to study structure of recycled aluminium alloy and influence of intermetallic phases. Intermetallic phases were observed by using of combination different analytical techniques (scanning electron microscopy -SEM upon black-white etching, deep etching and energy dispersive X-ray analysis -EDX) in microstructure. Heat treatment led to gradual disintegration, shortening and thinning of Fe-rich intermetallic phases, the dissolution of precipitates and the precipitation of finer hardening phase (Al 2 Cu). The changes of the morphology of intermetallic phases led to changes of fracture surface in recycled (secondary) aluminium cast alloy.
Introduction
Aluminium alloys are use in applications in the industries of aerospace, automotive and even commercial products. In particular, the automotive industry demands both low weight and low cost materials in order to reduce fuel emissions and improve fuel economy at affordable prices [1] . The need for aluminium alloys having a good toughness, high strength, adequate damage tolerance capability, good fatigue resistance and good corrosion resistance for use in industries led to study of the properties and the structure these materials [2] . Today an increasing amount of the aluminium going into producing new aluminium alloy products is coming from recycled products. The increase in recycled metal becoming available is a positive trend, as secondary metal produced from recycled metal requires only about 2.8 kWh/kg of metal produced while primary aluminium production requires about 45 kWh/kg of metal produced. It is to the aluminium industry's advantage to maximize the amount of recycled metal, for both the energy-savings and the reduction of dependence upon overseas sources. Increasing the use of recycled metal is also quite important from the ecological standpoint, since producing aluminium by recycling creates only about 4% as much CO 2 as by primary production [3] . The quality of recycled Al-Si casting alloys is considered to be a key factor in selecting an alloy casting for a particular engineering application. The Al-Si-Cu cast alloy contains a certain amount of Fe, Mn and Mg that are present either accidentally, or they are added deliberately to provide special material properties. These elements partly go into solid solution in the matrix and partly form intermetallic particles during solidification. The size, volume and morphology of intermetallic phases are functions of chemistry, solidification conditions and heat treatment [4 -6] . Fe is a common impurity in aluminium alloys that leads to the formation of complex Ferich intermetallic phases, and these phases can adversely affect mechanical properties, especially ductility, and also lead to the formation of excessive shrinkage porosity defects in castings [7] . Morphology of Fe-rich phases influences harmfully the fatigue properties [8] . However, porosity and microshrinkages have more harmful effect on fatigue properties because these defects have a larger size than intermetallic phases. The dominant Fe-phase is plate-shaped Al 5 FeSi (know as beta-or β-needles phase). Al 5 FeSi needles are more unwanted, because adversely affect mechanical properties, especially ductility. The deleterious effect of Al 5 FeSi can be reduced by increasing the cooling rate, superheating the molten metal, or by the addition of a suitable "neutralizer" like Mn, Co, Cr, Ni, V, Mo and Be. The most common addition is Mn. Excess Mn may reduce Al 5 FeSi phase and promote formation Fe-rich phases Al 15 (FeMn) 3 Si 2 (know as alpha-or α-phase) in form of "skeleton like" or in form of "Chinese script" [4, 9 -12] . If material contains also Mg, pi-or π-phase -Al 5 [4, 9] . In unmodified alloys copper is present primarily as Al 2 Cu or Al-Al 2 Cu-Si phase, in modified alloys as Al 5 Mg 8 Cu 2 Si 6 . The average size of the copper phase decreases upon Sr modification. The morphology of structure components (α-phase, eutectic Si and intermetallic phases) indicates the mould of the fracture surface. The overall appearance of the fracture surface depends not only on the matrix (α-phase), but also on the shape and size of eutectic Si and intermetallic phases. The matrix is characterized by high plasticity while the crystals of eutectic silicon and intermetallic phases have higher values of hardness and almost zero values of plastic properties. Therefore, the fracture surface of Al-Si alloys is creating with ductile fracture of matrix and cleavage fracture of hard and brittle structural components (eutectic Si and intermetallic phases) [13] . The present study is a part of larger research project, which was conducted to investigate and to provide a better understanding of the influence of intermetallic phases on the fracture surface in recycled (secondary) AlSi9Cu3 cast alloy.
Experimental methodology and used materials
The secondary AlSi9Cu3 cast alloy (prepared by recycling of aluminium scrap) was received in the form of 12.5 kg ingots. Experimental material was cast into the chill (chill casting). The melting temperature was maintained at 760°C ± 5°C. Molten metal was purified with salt AlCu4B6 before casting and was not modified or grain refined. The chemical analysis of AlSi9Cu3 cast alloy was carried out using arc spark spectroscopy and the chemical composition is given in the Table 1 . AlSi9Cu3 cast alloy has lower corrosion resistance and is suitable for high temperature applications (dynamic exposed casts, where are not so big requirements on mechanical properties) -it means to max. 250°C. at each state was acquired as average of at least six measurements. The absorbed energy was got after test with using Charpy hammer. Charpy impact specimen dimension was 10 x 10 x 55 mm without notch. Tensile properties were received after test using shredder machine. For tensile test were used round specimen with specified dimension according to STN 42 0310.
Metallographic samples for the microstructure study were cut from the selected tensile specimens (after testing) and hot mounted for metallographic preparation. The microstructures were studied using an optical microscope Neophot 32 and scanning electron microscope (SEM) VEGA LMU II upon deep etching. The samples were prepared by standard metallographic procedures (wet ground on SiC papers, DP polished with 3 µm diamond pastes, followed by Struers Op-S and etched for study at optical microscope by standard etcher Dix-Keller or 0.5 % HF [14] ). Some samples were also deep-etched for 30 s in HCl solution in order to reveal the three-dimensional morphology of the silicon phase and intermetallic phases [15, 16] . The specimen preparation procedure for deep-etching consists of dissolving the aluminium matrix in a reagent that will not attack the eutectic components or intermetallic phases. The residuals of the etching products were removed by intensive rinsing in alcohol. The preliminary preparation of the specimen is not necessary, but removing the superficial deformed or contaminated layer can shorten the process. Three-dimensional morphology was observed in such prepared samples on a scanning electron microscope. Surface fraction of the experimental material was observed on Charpy impact specimens (after testing) by using scanning electron microscope.
Results and discussion 3.1 Microstructure of as-cast experimental material
The Al-Si eutectic and intermetallic phases form during the final stage of the solidification. The defects, the morphology of eutectic and the morphology of intermetallic phases have an important effect on the ultimate mechanical properties of the casting. Al-Si alloys usually contain Si and sometimes Mg or Cu as the main alloying elements (Mg and Cu strengthen the alloy matrix and improve the mechanical properties and alloy machinability), together with various impurities such as Fe, Mn, Zn or Cr. These elements go into solid solution but they also form different intermetallic phases. The formation of these phases should correspond to successive reaction during solidification -Table 2 [13, [17] [18] [19] [20] . Typical microstructures of the Al-Si-Cu as-cast alloys are shown in Fig. 1 . The microstructure of recycled Al-Si-Cu cast alloy consists of dendrites α-phase (light grey - Fig. 1 -1) , eutectic (mixture of α-matrix and spherical dark grey Si-phases) and various types of intermetallic phases (Figs. 1 -3, 4) . The α-matrix precipitates from the liquid as the primary phase in the form of dendrites and is nominally comprised of Al and Si (AlSi9Cu3). The different intermetallic phases are concentrated mainly in the interdendritic spaces. Iron has a very low solid solubility in Al-alloy (maximum 0.05% at equilibrium Fe krit . ≈ 0,075 x (% Si) -0.05), and most of Fe form a wide variety of Fe-containing intermetallic depending on the alloy composition and its solidification conditions [9, 21] . According to Taylor [9] , the two main types of Fe-rich intermetallic phases occurring in this AlSi9Cu3 alloy are Al 15 (FeMn) 3 Si 2 and Al 5 FeSi. In experimental material were observed the Al 5 FeSi intermetallic phase with monoclinic crystal structure (the β phase) and iron intermetallic Al 15 (MnFe) 3 Si 2 phase with cubic crystal structure. The Al 15 (MnFe) 3 Si 2 has a compact morphology "Chinese script" (skeleton-like phase - Fig. 1 -3) , which does not initiate cracks in the cast material to the same extent as the Al 5 FeSi. Al 5 FeSi phases precipitates in the interdendritic and intergranular regions as platelets (in microscope needle like). The platelet-like morphology of this phase is expected to cause severe feeding difficulties during solidification, and eventually to increase the tendency to porosity formation. Because in experimental material was satisfied condition Fe:Mn = 2:1, intermetallic phases in form needles were observed sporadically. In secondary AlSi9Cu3 alloy was analysed two Cu-phases: Al 2 Cu and Al-Al 2 Cu-Si ( Fig. 1 -4 ). The Al 2 Cu phase was observed in a small blocky shape with microhardness 185 HV 0.01. The Al-Al 2 Cu-Si phase was observed in very fine multi-phase eutectic-like deposits with microhardness 280 HV 0.01 [15] [16] 22 ].
Mechanical properties
The changes in microstructure of experimental material led to changes in mechanical properties, especially in hardness. The mechanical properties were studied at each temperature and each holding time of aging [23] [24] . On each age-hardening curve can be seen age-hardening phenomenon. The highest hardness was observed at temperature of artificial aging 170°C and holding time from 8 to 32 hours (140 HBS); the highest strength tensile at temperature of artificial aging 170°C and holding time 16 hours (311 MPa) and the highest absorbed energy at temperature of artificial aging 130°C and holding time 4 hours (14 J). The results of mechanical test as well as changes in microstructure determined as optimum heat treatment for experimental material treatment consist of: solution treatment at 515°C with holding time 4 hours, artificial aging at 170°C with holding time 16 hours. The changes of morphology of structure parameters are therefore documented for holding time 16 hours.
Effect of age-hardening on intermetallic phases
The effect of age-hardening on morphology of Fe-rich phases was followed by optical and electron microscopy. The Fe-rich needles was shorted and narrowed after age-hardening into very small needles phases. The changes of Al 15 (FeMn) 3 Si 2 phases during experimental heat treatment are shown on Fig. 2 . The Al 15 (FeMn) 3 Si 2 phase has a compact skeleton-like morphology in as-cast state (Fig. 1) . During heat treatment compact phase dissolved and fragmented to smaller skeleton particles. The temperatures of artificial aging have significant affect on Fe-rich phase's morphology (Fig. 2a, b, c) . Fig.2 Morphology of Fe-phases after age-hardening, etch. 0.5 % HF Al-Al 2 Cu-Si phase without heat treatment (untreated state) occurs in form of compact oval troops (Fig. 1) These phases were observed in form very small particles for every temperatures of artificial aging (Fig. 3a, b, c) . By observation we had to use a big magnification of microscope, because we did not see these elements. Small precipitates (Al 2 Cu) incipient by age-hardening were invisible neither optical, nor SEM electron microscope. Therefore the TEM microscopy was used for study of these precipitates. Fig.3 Morphology of Cu-phases after heat treatment, etch. 0.5 % HF
Character of fracture surface
The morphology of fracture surfaces was evaluated by using a scanning electron microscope on the sample after impact bending test. The fracture surface was influenced very significantly by structural components (eutectic silicon, intermetallic phases) and their distribution in the cross section. The fracture surface of as-cast state (Fig. 4) consists of transcrystalline cleavage and ductile fracture. On the fracture surface is dominant transcrystalline cleavage fracture. Transcrystalline cleavage fracture is related to the presence of large hexagonal plate-Si particles and also brittle iron intermetallic phases in the structure of experimental material. The transcrystalline ductile fracture of Al matrix (α-phase) is observed in the smaller surface, despite the fact that the Al-Si alloys are breaking exclusively by transcrystalline ductile fracture (Fig. 4) .
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The transcrystalline ductile mechanism was dominant for breaking after age hardening. This mechanism was dominant, because silicon particles were spheroidised and Fe-rich intermetallic phases were fragmented and dissolved. On the fracture surface was observed the transcrystalline cleavage fracture in a few isolated cases in compare with as-cast state. This type of fracture is related with the appearance of Fe-intermetallic phases in the structure (Fig. 5) . Copper intermetallic phases are brake by transcrystalline ductile mechanism at each state of samples (with and without treatment).
a) 130°C, 16h b) 170°C, 16h c) 210°C, 16h Fig.5 Character of fracture surface after age-hardening, SEM
Character fracture of structure parameters
The fractures of structure parameters were studied by using scanning electron microscope on samples with and without heat treatment after age-hardening. The studies have shown that eutectic Si particles broke in as-cast state by transcrystalline cleavage mechanism (Fig. 6a) . After age-hardening eutectic Si particles broke by transcrystalline ductile mechanism, because eutectic silicon particles were spheroidised into smaller particles (Fig. 6b, c, d ). Fe-rich intermetallic phases broke only by transcrystalline cleavage mechanism on both types of samples (with and without heat treatment) (Fig. 7) . The transcrystalline ductile fracture on surface was connected with Cu-rich intermetallic phases. These phases broke only by transcrystalline ductile mechanism on both types of samples (with and without heat treatment) (Fig. 8) . Changes were only in size of pitting on fracture surface. The pitting of transcrystalline ductile fracture was grosser in samples in as-cast state as in samples after age-hardening. Age-hardening led to disintegrate of Cu-rich phases and so the pitting of transcrystalline ductile fracture was smaller in compare with as-cast state (without heat treatment) (Fig. 8). 
Conclusions
• In the present study was studied the influence of intermetallic phase's on the fracture surfaces in secondary aluminium cast alloy. From the analysis of the results the following conclusions can be drawn: • Two Fe-rich phases -Al5FeSi needles and skeleton-like Al15(FeMn)3Si2 and two Curich intermetallic phases -Al2Cu and Al-Al2Cu-Si were observed in AlSi9Cu3 cast alloy. Al15(FeMn)3Si2 phase was dominant thanks to the presence of Mn.
• The age-hardening caused changes: fragmented. Long platelets of Al5FeSi phases was shortened and narrowed into small needles phases; -of Cu-rich intermetallic phases. Al-Al2Cu-Si phases are fragmented, dissolved and redistributed within α-matrix. The dissolution of Cu-rich phases led to increases concentration of Cu and other alloying elements (Mg, Si) in the aluminium matrix during hardening. Cu also creates dispersed intermetallic precipitates and increases the overall matrix strength by a mechanism called the precipitation strengthening effect. Unfortunately, because these precipitates are very fine, their area fractions cannot be quantified using image analysis combined with light optical microscopy.
• The change of morphology of structural components (eutectic silicon, intermetallic phases based on Fe) significantly affects the fracture surface of Al-alloy. The fracture surface of as-cast state consists of transcrystalline cleavage and ductile fracture. On the fracture surface is dominant transcrystalline cleavage fracture. Transcrystalline cleavage fracture is related to the presence of large hexagonal plate-Si particles in the structure and also brittle iron intermetallic phases. The transcrystalline ductile fracture of Al matrix (α-phase) is observed in the smaller surface. The transcrystalline ductile mechanism was dominant for breaking after age-hardening. This mechanism was dominant, because silicon particles were spheroidised and Fe-rich intermetallic phases were fragmented and dissolved. On the fracture surface was observed the transcrystalline cleavage fracture in a few isolated cases in compare with as-cast state. This type of fracture is related with the appearance of intermetallic phases based on iron in the structure. Copper intermetallic phases are brake by transcrystalline ductile mechanism at each state of samples (with and without treatment).
